Abstract. Translationally controlled tumor protein (TCTP) is a novel anti apoptotic protein which is highly expressed in several cancer cell types including prostate cancer. However, studies investigating the role of TCTP in prostate cancer are scarce. Therefore, in this study we evaluated the effect of small interference RNA (siRNA) based knocking down of TCTP gene in prostate cancer cells. Cell proliferation and apoptosis were evaluated. Our results showed that TCTP is highly expressed in LNCaP cells compared to normal prostate epithelial cells. Transfection with TCTP siRNA specifically and drastically reduced the expression of both mRNA and protein levels of TCTP in LNCaP cells. The decreased expression of TCTP was associated with decreased viability of LNCaP cells. Further analysis of the transfected LNCaP cells showed that they undergo apoptosis via caspase-8 and caspase-3 dependent pathways. Results presented herein suggest a potential therapeutic application for prostate cancer by targeting TCTP gene using an siRNA approach.
Introduction
Translationally controlled tumor protein (TCTP), originally identified in Ehrlich ascites tumor cell line (1) , is a growthassociated protein ubiquitously present in a wide variety of organisms from yeast to mammals (2, 3) . TCTP is an antiapoptotic protein (4) that is highly expressed in several cancer cells including prostate tumors (5, 6) . Subsequent studies showed that TCTP is a potential target for tumor reversion (7) . Expression of TCTP is up-regulated by various stimulus including dioxin (8) , heavy metals (9), growth factors (10) , and Vitamin D (11) . TCTP gene is significantly downregulated in tumor revertant cells (5) and it was suggested that inhibiting the expression of TCTP could revert the cancer cells into normal phenotypes. Although TCTP expression is elevated in prostate cancer the role of TCTP in prostate carcinogenesis is not fully understood.
TCTP is a calcium-binding (12, 13) and tubulin binding protein (14, 15) . Serial analysis of gene expression (SAGE) analysis showed that TCTP is the most highly expressed protein in prostate cancer cells compared to other calcium binding proteins (CBPs) (6) . Interestingly, we now know that CBPs play a crucial role in prostate cancer progression and tumorigenesis (16, 17) and depletion of CBP induces apoptosis in prostate cancer cells (18) . The role of CBPs in buffering intracellular calcium levels and its protection against apoptosis is well studied in prostate cancer (19) . Similarly, it is well established that cells can undergo apoptosis when intracellular calcium levels are up-regulated (20) . Therefore, being the most highly expressed CBP in prostate cancer, TCTP may have an important role in calcium homeostasis and in the survival of prostate cancer cells.
Prostate cancer is one of the leading causes of cancerrelated death in men next to lung cancer in the Western world. About 15-16% of men will have prostate cancer during their life span and approximately 3% of men will die due to this cancer. Current treatment options are unsatisfactory and newer agents for the management of prostate cancer are urgently needed. Small interference RNA (siRNA) is a rapidly developing new technology that functions by interfering in the transcription of a specific gene within the cell, so called knock down of the gene expression. siRNA technology is successfully used to knockdown several genes within a cell and is being developed as a novel therapeutic approach for a variety of genetic disorders (21) . Prostate cancer is a complex disease in which the initial stages of prostate cancer is dependent on the hormone, androgen and subsequent emergence of hormone resistant cancer at the later stages. LNCaP cells which represent androgen-dependent prostate cancer that can be cultured in vitro is widely used to evaluate the anticancer potential of various drugs, including siRNA (22) . Therefore, the present study was undertaken to evaluate the anticancer potential of siRNA targeting TCTP in LNCaP prostate cancer cells.
Materials and methods
Culturing of prostate cells. Human lymph node prostate cancer cells (LNCaP) and normal prostate epithelial cells (RWPE-1) were obtained from ATCC (Manassas, VA). Cells were cultured in either 25 cm 2 tissue culture flask, 6-well, 96-well or tissue culture glass slides at 37˚C in 5% CO 2 environment. LNCaP cells were cultured in RPMI-1640 medium with 10% fetal bovine serum (FBS). RWPE-1 cells were grown in keratinocyte serum-free medium (K-SFM) (Invitrogen Technologies, Carlsbad, CA) supplemented with bovine pituitary extract (0.05 mg/ml) and epidermal growth factor (5 ng/ml). 4 LNCaP cells were then transfected with a final concentration of 100 nM of siRNA duplexes using lipofectamine reagent (Invitrogen). Twentyfour, forty-eight and seventy-two hours after the transfection, cells were collected and used for cell viability and fluorescence microscopy studies and RT-PCR analysis, Western blot analysis.
Small interfering
RT-PCR analysis of TCTP. mRNA was isolated from mock transfected and TCTP-siRNA transfected LNCaP cells using TRIzol reagent according to the manufacturer's instructions (Invitrogen). The mRNA was then converted to cDNA using an RT-PCR kit purchased from Ambion. Expression of TCTP in the cDNA samples were determined by PCR using gene specific TCTP primers (forward primer 5'-CCCAAGCTTAT GATTATCTACCGGGACCTC-3'; reverse primer 5'-CGCG GATCCTTAACATTTTTCCATTTTTAA-3') designed from IDT (Coralville, Iowa). PCR parameters were 95˚C of denaturation for 30 sec, 55˚C of primer annealing for 30 sec, 72˚C of primer extension for 30 sec and the cycle was repeated for 30 times. A final extension of 5 min was performed at 72˚C before storing the samples at 4˚C. Following PCR, the products were analyzed on a 1% agarose gel electrophoresis.
Western blot analysis. Mock transfected and TCTP-siRNA transfected LNCaP cells were lysed by cell lysis buffer and protein concentration in the soluble fractions were determined by Pierce BCA protein assay kit. The proteins were then resolved on 12% SDS-PAGE and transferred to nitrocellulose membrane. After blocking the non-specific sites with 5% skimmed milk solution for 1 h at room temperature, membranes were washed with wash buffer (TBS containing 0.05% Tween-20) for 5 times and incubated with rabbit anti-TCTP antibodies (1:1000; MBL, Woburn, MA) for 1 h at room temperature. After washing the membranes were incubated with HRP labeled goat anti-rabbit antibodies (1:5000) for 1 h at room temperature. Following incubation, the membrane was washed and the reactive bands were detected using ECL chemiluminescence substrate (Amersham, Piscataway, NJ).
Cell viability assay. LNCaP cells (2x10
3 cells/ml) were cultured in 96-well tissue culture plates until they reached 50% confluency. Cells were then transfected with a final concentration of 100 nM TCTP siRNA or Lamin A/C siRNA. 24, 48 and 72 h after siRNA transfection, viability of the cells were determined by a cell counting kit-8 (CCK-8) purchased from Dojindo Molecular Technologies (Gaithersburg, MA). Briefly, 10 μl of water soluble formazan dye was added to the mock transfected and siRNA transfected cells and plates were incubated for 2 h in 5% CO 2 . Color developed was measured at 450 nm using an ELISA plate reader. Caspase activity. Caspase-3 and caspase-8 activities were measured using colorimetric assay kits (R&D Systems, Minneapolis, MN). After transfection with TCTP siRNA, cells were washed with ice-cold PBS and caspase-3 and caspase-8 activities were determined. Caspase colorimetric substrates DEVD-pNA (Caspase-3) or IETD-pNA (Caspase-8) were added to the cell lysate and assays were performed in a 100-μl volume in 96-well flat-bottomed plates. Chromophore p-nitroanilide is released as a result of cleavage of substrates by caspase activity. The caspase enzymatic activity in the cell lysate is directly proportional to the chromophore formation, which was quantified spectrophotometrically at a wavelength of 405 nm using a microplate reader. Data were corrected for the background values that had no substrate or no cell lysate added.
Statistical analysis. Statistical analysis was performed using a Mann-Whitney U rank sum tests using Sigmastat 2.0 (Jandel Scientific Software, San Rafael, CA). P<0.05 was considered statistically significant.
Results

Gene silencing effects of TCTP in LNCaP cells.
Expression of TCTP in LNCaP and RWPE-1 cells were first determined by RT-PCR. Results (Fig. 1A) showed that TCTP is highly expressed in LNCaP prostate cancer cells compared to RWPE-1 normal prostate epithelial cells. Cells were then transfected with TCTP-siRNA and consequent gene silencing was confirmed by RT-PCR. Time course analysis showed that 72 h after transfection with TCTP siRNA, there was a significant decrease in the TCTP mRNA transcript in transfected cells. This was further confirmed by Western blot analysis (Fig. 1C) that also showed decreased TCTP protein levels in transfected cells. This TCTP gene silencing effect was reproducible and was specific in that it failed to knock down the expression of an unrelated protein, ß-actin (Fig. 1B) .
Effects of TCTP gene silencing on the viability of LNCaP cells.
Following knock down of TCTP gene with siRNA, we also measured the cell viability in TCTP-siRNA transfected LNCaP cells by trypan-blue staining and CCK-8 assay. These studies showed that knocking down of TCTP gene resulted in decreased cell proliferation (Fig. 2) and low cell viability in LNCaP cells (Fig. 3 ) compared to cells that were transfected with a control siRNA.
Detection of apoptosis by Annexin-V FITC staining.
We then analyzed whether reduction in cell viability was due to cell death and if so whether they are undergoing apoptosis. LNCaP cells transfected with TCTP siRNA and control siRNA were stained with Annexin V-FITC and propidium iodide. Stained cells were visualized under a fluorescence microscope. Results showed that transfection of LNCaP cells with TCTP siRNA caused time-dependent apoptosis of these cells (Fig. 4) . Apoptosis was undetectable in control siRNA transfected cells.
Caspase-3 and caspase-8 activity assay. Caspase-3 and caspase-8 are major death related enzymes that are up-regulated when cells undergo apoptosis (24) . To determine whether caspase-3 and caspase-8 enzymes are activated in TCTP siRNA transfected LNCaP cells, we used a chromogenic based caspase assay. Our results show that transfection with TCTP siRNA induced significant (P<0.05) activation of caspase-3 and caspase-8 in LNCaP cells (Fig. 5 ) compared to control siRNA transfected cells.
Discussion
Results presented in this study indicate that gene silencing of TCTP by siRNA causes growth suppression and apoptosis of LNCaP cells. Androgen ablation therapy is the mainstay of prostate cancer treatment. However, within few years patients undergoing androgen ablation therapy develop hormoneindependent prostate cancer. Therefore, effective newer agents for the control of prostate cancer are necessary. TCTP is a growth associated protein (25) , which plays a crucial role in the protein elongation step by interacting with eukaryotic elongation factor 1A (eEF1A) (26) . Several pharmacological drugs including antihistaminics (7), S-trityl-L-cysteine (STLC) (27) and plasminogen activator inhibitor (PAI) (28) can decrease the expression of TCTP in cancer cells. This decreased expression of TCTP in cancer cells leads to apoptosis and tumor growth retardation (4, 7, 29) . Results of this study show therapeutic potential of siRNA targeting TCTP in LNCaP prostate cancer cells.
Our results showed that TCTP is highly expressed in LNCaP cells compared to normal prostate epithelial cells. This observation is consistent with previous reports in other cancer cells where TCTP was also found abundantly expressed (4, 5) . Similarly TCTP is described as a growth related protein that promotes cell survival and growth. This might explain their higher expression in cancer cells. In fact, Li et al (4) were the first to demonstrate the anti-apoptotic property of TCTP. Subsequent studies from different laboratories confirmed TCTP as an important anti-apoptotic protein in the cell (5, 29, 30) . The role of TCTP in prostate cancer cells is not well understood. A recent study showed that somatostatin, a growth inhibitory hormone down-regulates the expression of TCTP in LNCaP cells (31) . This suggested that manipulating the expression of TCTP can be a useful strategy to control the growth of LNCaP cells. To test this we silenced TCTP gene in LNCaP cells using an siRNA strategy. Our results confirmed that silencing TCTP gene by siRNA significantly decreased the viability of LNCaP cells in vitro reiterating its major role in cellular growth (30, 32) .
Knock down of TCTP gene also resulted in increased cell death due to apoptosis in LNCaP cultures. These findings support the previous observation that TCTP is an anti-apoptotic protein and silencing the gene promoted apoptosis in these cell lines. Apoptosis is mediated by activation of various caspases, especially activation of caspase-8 and caspase-3 has a significant role. Our results showed that knock down of TCTP were associated with an increase in caspase-8 and caspase-3 activities in LNCaP cells. Caspase-8 is the initiator caspase recruited by death receptors Fas, tumor necrosis factor receptor 1 (TNFR1) and TNF-related apoptosis inducing ligand (TRAIL) to mediate apoptosis (33) . Recent studies showed that caspase-8 can interact with androgen receptor and inhibit its transactivation (34) . Since androgen receptor transactivation is important for LNCaP cell growth and proliferation, it is possible that caspase-8 activation can adversely affect the cell viability and proliferation of LNCaP cells. Activation of caspase-8 is known to trigger downstream caspases, most importantly caspase-3 that mediates cell death.
Our studies also showed that there was significant caspase-3 activity in LNCaP cells that are transfected with TCTP siRNA. A previous study showed that TCTP acts at the level of mitochondria by inserting into mitochondrial membrane preventing Bax dimerization (35) . Dimerization of Bax results in loss of mitochondrion permeability, translocation of cytochrome c and activation of caspase-3 (36) . Thus, in LNCaP cells, over-expression of TCTP might help block mitochondrial mediated apoptosis by interfering with the Bax dimerization. Thus, findings in this study showed that knock down of TCTP gene activates both upstream and downstream caspases resulting in apoptotic death of LNCaP cells. Unfortunately, LNCaP cells are resistant to certain therapeutically important drugs such as TRAIL (37, 38) . LNCaP cells resistant to TRAIL are defective in activation of multiple caspases (39) . Therefore, reagents such as TCTP siRNA as discussed in this study which activate multiple caspases might find use as an adjuvant or stand alone treatment at least for androgen-dependent prostate cancer.
The gene silencing effects of TCTP siRNA is not known in androgen-independent prostate cancer cells. Therefore, our future studies will evaluate the gene therapeutic potential of TCTP siRNA in androgen-independent prostate cancer cells such as DU145 and PC-3 cells. Further studies are also needed to elucidate the mechanism by which TCTP protects prostate cancer cells. Finally, several anti-apoptotic mechanisms have been proposed for TCTP (35, 40) . Although, TCTP is the most abundantly expressed calcium binding protein in prostate cancer (6) , its role in prostate tumorigenesis is not fully known at this time. Additional studies are in progress in our laboratory to elucidate the TCTP antiapoptotic mechanism as well as the siRNA delivery route and its therapeutic potential against prostate cancer in animal models.
